Introduction
Recently, metal-organic frameworks (MOFs) have attracted much attention owing to their intriguing architectures and topologies and potential applications in catalysis, luminescent probes, ion exchange, and magnetic materials [1 -7] . It is well known that the origin of interpenetration can be ascribed to the presence of large free voids in a single framework, and that interpenetration will occur to fill the void space, which benefits the stability of the frameworks [8, 9] . Furthermore, long spacer ligands, particularly rigid N,N -bidentate donors, are efficient building blocks, which favor the formation of interpenetrated motifs. Therefore, c 2011 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com many reports show a boom in the exploratory synthesis and construction of interpenetrated porous frameworks to establish the feasibility for selective gas sorption by long spacer ligands [10, 11] .
Compared with common N-heterocyclic ligands, like 4,4 -bipyridine, 1,4-bis(imidazolyl)benzene (L) can show richer coordination modes due to the flexility of its imidazolyl groups. Accordingly, it is an excellent candidate for the construction of metalorganic frameworks [12 -15] . In this paper, we report on the solvothermal synthesis, crystal structure and magnetic behavior of a new coordination polymer, [Co(L) 2 -(SO 4 )]·H 2 O (1).
Experimental Section

Measurements of physical properties
The reagents were obtained from commercial sources and used without further purification. Elemental analyses were performed on a Perkin-Elmer 240C elemental analyzer. The IR spectra were recorded on a Bruker Vector22 FT-IR spectrophotometer using KBr discs. The magnetic susceptibilities were measured using a SQUID magnetometer on crystalline samples in the temperature range of 1.8 to 300 K under 2 kOe (1 kOe = 7.96 × 10 4 A m −1 ).
Preparation of [Co(L) 2 (SO 4 )]·H 2 O (1)
The title complex was prepared under solvothermal conditions. A mixture of L (0.043 g, 0. 
X-Ray structure analysis
The reflection intensities of 1 were collected at 291(2) K using a Bruker SMART Apex II CCD area detector singlecrystal diffractometer with graphite-monochromatized MoK α radiation (λ = 0.71073Å), using the ψ/2ϑ scan mode. An absorption correction was applied using the program SADABS [16] . The structure was solved by Direct Methods using SHELXS-97 [17] and refined by full-matrix least-squares methods on F 2 (SHELXL-97 [18] ). All hydrogen atoms attached to the carbon and nitrogen atoms were generated geometrically, and the hydrogen atoms of 
88.61 96.55 (9) a Symmetry transformations used to generate equivalent atoms:
the water molecules were found directly. All non-hydrogen atoms were finally refined with anisotropic displacement parameters. H atoms attached to C atoms were treated as riding, with d(C-H) = 0.93Å. The H atoms of the water molecules were refined with U iso (H) = 1.5 U eq (O). Crystal data and further information of the structure determination are summarized in Table 1 . Selected interatomic distances and bond angles are given in Table 2 . CCDC 841588 contains the supplementary crystallographic data for this paper. These data can be obtained free of charge from The Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/data request/cif.
Results and Discussion
Synthesis and IR spectra
Regarding the preparation of 1, it is noteworthy that no DMF molecules were found in the resulting complex, however, the DMF solvent plays a key role in the formation of crystalline products since no crystals were obtained without DMF in the reaction mixture. Repeated experiments have indicated that crystalline 1 is not obtained using the same cobalt salts in other organic solvents or in an aqueous system under the same conditions.
The IR spectrum of 1 shows the ν(O-H) stretching vibration of water molecules at 3419 cm −1 . The absorptions at 1135 and 1071 cm −1 can be assigned to the SO 4 2− stretching vibrations, and the strong absorptions located at 1518 and 1487 cm −1 may be assigned to imidazolyl vibrations.
Structure description
The results of the structure analysis revealed that complex 1 crystallizes in the monoclinic space group P2 1 /n and exhibits a novel 3D four-fold interpenetrated coordination framework. The asymmetric unit contains one unique Co(II) atom, two L ligands, one coordinated SO 4 2− anion and one free water molecule. The Co1 atom exhibits a significantly distorted octahedral geometry with four N atoms of four L ligands, and two O atoms from one chelating sulfate (Fig. 1) . The Co1-O bond lengths are 2.177(2) and 2.219(2)Å, while the Co1-N bond lengths are in the range 2.030(3) -2.081(3)Å (Table 2) . It is noteworthy that each L ligand in 1 employs its two imidazolyl groups to connect two metal atoms, and each Co atom bridges four L ligands, which is entirely different from the connectivity reported for the complex [Cu(L) 1.5 (SO 4 )]·3H 2 O [14] . Therefore, the co- ordination interactions between the difunctional ligands L and the six-coordinated Co(II) atoms as described above make 1 a 3D framework (Fig. 2) . In order to minimize the big hollow cavities and stabilize the framework, the potential voids formed via a single 3D network are combined with three other identical frameworks, thus giving a four-fold interpenetrated dia net with the short and long Schläfli symbols 6 6 and (6 2 .6 2 .6 2 .6 2 .6 2 .6 2 ), respectively (Fig. 2) [19] . Moreover, the four-fold interpenetrated dia nets are linked via C-H···O hydrogen bonds with C··· A distances in the range of 2.712(3) -3.262(4)Å and C-H··· A angles ranging from 155 to 169 • to generate a stable 3D supramolecular structure.
Magnetic properties
The magnetic susceptibilities were measured on a crystalline sample of 1 in the temperature range from 1.8 to 300 K under 2 kOe using a SQUID magnetometer. At r. t., the observed χ M T value is 3.20 emu K mol −1 , which is larger than the expected value of 1.87 emu K mol −1 corresponding to one independent Co(II) (S =3/2) ion (Fig. 3) . Upon cooling from 300 to 100 K the values of χ M T decrease slowly, and then rapidly reach a value of 2.24 emu K mol −1 at 1.8 K. The χ M −1 versus T plot follows the CurieWeiss law with C = 2.68 emu K mol −1 , Θ = −2.59 K. The negative θ value suggests that there is a weak antiferromagnetic interaction among cobalt(II) atoms transferred through L ligands.
Conclusion
A new four-fold interpenetrated 3D Co(II) complex with 1,4-bis(imidazolyl)benzen ligands and a sulfate anion has been obtained by a solvothermal reaction. Complex 1 has a rare 3D dia-type network. The result may enhance the exploration of rigid multi-imidazolyl ligands for the construction of MOFs with useful properties and charming topologies under solvothermal conditions.
